(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 
(19) World Intellectual Property 

Inte^TSSeau HSI lllllllHIIIIOIfllllUlllDlillDillllllllllinillllllllilDlli 




(43) International Publication Date 

17 June 2004 (17.06.2004) PCT 



(10) International Publication Number 

WO 2004/051839 Al 



(51) International Patent CJassificatlon 7 : 
6/14, G08C 19/16, 19/28 



H02P6V00, 



(21) International Application Number: 

PCT/IB2003/005459 

(22) International Filing Date: 

27 November 2003 (27.1 1.2003) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 

0227976.8 29 November 2002 (29.1 1.2002) GB 

(71) Applicant (for all designated States except US): DOL- 
PHIN ELECTRIC HOLDINGS INC [—/—]; P.O. Box 
3136, Road Town, Tortola (VG). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): MULDOVVNEY- 
COLSTON, Tony, EUjah [GB/CN]; 104 Mau Po Village, 
Lobster Bay, Clearwater Bay, Sai Kung, Hong Kong 
(CN). SHAW, Thomas, Mabon [GB/GB]; 16 Groveway, 
London SW9 OAR (GB). 



(74) Agent: LAM, Chun, Fai^ cZ-Marks & Clerk, 20/F Chi- 
nachem Hollywood Centre, 1-13 Hollywood Road, Cen- 
tral, Hong Kong (CN). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB. BG, BR, BW, BY, BZ, CA, CH, CN, CO, CR, 
CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, PI, GB, GD, 
GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, 
KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, 
MW, MX, MZ, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RU, 
SC, SD, SE, SG, SK, SL, S Y, TJ, TM, TN, TR, TT, TZ, UA, 
UG, US, UZ, VC, VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (BW, GH. 
GM, KB, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, SE, 
SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, 
GN, GQ, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

[Continued on next page) 



(54) Title: ROTATING ELECTRICAL MACHINE 




ON 

m 

GO 

o 

(57) Abstract: A rotating electrical machine has a housing with a shaft mounted rotatably in it A rotor is fixed to the shaft and has 
a plurality of magnetic poles. A stator is positioned about the rotor and has a winding. A switch is mounted within the housing and 
nas a first position for allowing current in one direction through the winding and a second position for allowing current in an opposite 
direction through the winding. A mechanical activator is movable with or by the shaft and acts on the switch to move it between the 
^* first and second positions. 
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Rotating Electrical Machine 

The " present invention relates to rotating electrical 
machines, that is machines which can be used either as 
electric motors, in which electrical energy is converted 
into movement, or as electric generators in which movement 
is converted into electrical power. 

There are two known types of DC electric motors. in the 
first type, a DC electrical power source is connected to 
coils wound on a rotor by means of contact brushes and a 
commutator. The rotor rotates about, or within, a stator in 
the form of one or more permanent magnets or separately 
energised electromagnets. The commutator serves to switch 
electrical current between the coils. In the second type, 
the rotor comprises a plurality of permanent magnets, and 
the stator comprises a number of wound coils Associated 
electrical circuitry controls the switching of electrical 
current between the stator coils. 

The disadvantage of the first type is that 
electromechanical wear of the brushes and commutator limits 
the lifespan of the machine to 2000 hours. Also, as only 
one coil at a time is energised, there are limits placed on 
the efficiency of the machine. Furthermore, the sparks 
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generated by the brushes and commutator create 
electromagnetic interference. The second type overcomes the 
problems mentioned above, but the use of drive electronics 
makes the machine much more costly to manufacture than the 
first type. 

It would be desirable to provide a rotating electrical 
machine which overcomes, or at least ameliorates, some or 
all of the problems associated with the first type of 
motor, without the extra costs associated with the second 
type. 

According to a first aspect of the invention there is 
provided a rotating electrical machine comprising: 
a housing ; 

a shaft mounted rotatably within the housing; 
a rotor fixed to the shaft and providing a magnetic 
field; 

a stator positioned about the rotor within the housing 
and having a winding; 

a switch mounted with the housing and having a first 
position for allowing current in one direction through the 
winding and a second position for allowing current in an 
opposite direction through the winding; 
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a mechanical activator movable with or by the shaft 
and acting on the switch so as to move it between the first 
and second positions when the winding is so aligned that 
current -inducing effects of the magnetic field on the 
winding are at or near a minimum. 

According to a second aspect of the invention there is 
provided a rotating electrical machine comprising: 
a housing; 

a shaft mounted rotatably within the housing; 

a rotor fixed to the shaft and having a plurality of 
poles made of ferromagnetic material; 

a stator positioned about the rotor within the housing 
and having a winding; 

a switch mounted within the housing and having a first 
position for allowing current in one direction through the 
winding and a second position for allowing current in an 
opposite direction through the winding; 

a mechanical activator movable with or by the shaft 
and acting on the switch so as to move it between the first 
and second positions. 

Preferably, the switch has a third position for not 
allowing current through the winding, and the mechanical 
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activator moves the switch to the third position between 
the first and second positions. 

Preferably, the mechanical activator comprises a cam 
mounted about the shaft and a cam follower communicating 
with the cam and with the switch. 

Preferably, the cam has four portions for moving the switch 
to the first position for l/6 th of a cycle and then to the 
third position for l/3 ri of the cycle, and then to the 
second position for l/6 th of the cycle, and then to the 
third position for l/3 rd of the cycle. 

Preferably, the mechanical activator comprises a crank and 
a linkage for moving the switch to the first position for 
l/6 th of a cycle and then to the third position for l/3 rd of 
the cycle, and then to the second position for l/6 th of the 
cycle, and then to the third position for l/3 rd of the 
cycle . 

Preferably, there are three switches positioned 120 angular 
degrees apart, and the mechanical activator acts on all the 
switches to move them in a sequence. 
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Preferably, the electrical machine is a permanent magnet 
brushless DC electric motor. 

Preferably, the electrical machine is a DC Switched 
reluctance motor. 

Further aspects of the invention will become apparent from 
the following description, which is given by way of example 
only to illustrate the invention. 

Embodiments of the invention will now be described with 
reference to the accompanying drawings in which: 

Figure 1 is a schematic of a two-pole motor with cam 
operated switches according to the invention, 

Figure 2 is a schematic of a two-pole motor with eccentric 
or crank operated switches according to the invention, 

Figure 3 is a schematic of a first embodiment of a four- 
pole motor with eccentric or crank operated switches 
according to the invention, and 

Figure 4 is a schematic of a second embodiment of a four- 
pole motor with eccentric or crank operated switches. 
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Figure 1 illustrates a two-pole rotating electrical machine 
according to the invention. The machine comprises a housing 
29 enclosing a rotor 1 and a field winding 2. The rotor 1 
s is mounted on a shaft 3 for rotation within the housing, 
and includes a permanent magnet for establishing a rotor 
magnetic field. The field winding 2 is positioned about the 
rotor 1 and includes three delta connected coils 4, 5, 6. 
This configuration of rotor 1 and field winding 2 is well 
10 known in the art and need not be ■ described in further 



In the motor configuration electric current is supplied to 
the field coils 4, 5, 6 by three single-pole changeover 

is switches 7, 8, 9 operating in sequence. The first fixed 
contact 10 of each changeover switch 7, 8, 9 is connected 
to a positive (+) side of a DC supply (not shown) and the 
second fixed contact 11 is connected to a negative (-) side 
of the DC supply. ' The moving switch contact 12 is 

20 connected to the field winding 2 to make a positive ( + ) or 
negative (-) DC connection to the winding 2 depending on 
the position of the switch. 



detail . 



Mounted at one end of shaft 5 is a stepped cam 13 . Each 
25 switch 7, 8, 9 has a cam follower 14 that contacts the 
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outer cam surface. The switches 7, 8, 9 are arranged 12 0 
mechanical degrees apart about the cam 12. 

The outer surface of the cam is divided into 4 portions 15, 
16, 17, 18. Cam portions 15 and 17 are diametrically 
apposed and each occupies 1/3 of the outer circumference of 
the cam 12. Cam portions 16 and 18 are diametrically 
disposed and interspersed between portions 15 and 17,, and 
each occupies 1/6 of the outer circumference of the cam 12. 

Cam portion 15 is shaped so that when the follower 14 of a 
switch, e.g. switch 7 and figure 1, is in contact with 
surface 15 the switch connection is made to the positive 
( + ) of the DC supply. Cam portions 16 and 18 are shaped so 
that' when the follower 14 of a switch, e.g. switch 8 in 
figure 1, is in contact with those portions no connection 
is made to the DC supply. Cam portion 17 is shaped so that 
when the follower 14 of a switch, e.g. switch 6 in figure 
1, is in contact with surface 17 a connection is made to 
the negative (-) of the DC supply. According to this 
arrangement each field coil 4, 5, 6 is energised in the 
sequence of 1/3^ of an electrical cycle connected to the 
positive ( + ) supply followed by l/6 th of the cycle with no 
connection followed by l/3 rd of the cycle connected to the 
negative (-) supply followed by l/6 tlx of the cycle with no 
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connection. The cycle then repeats. Each node of the field 
coil 4, 5, 6 receives the DC supply 12 0 electrical degrees 
later than the previous one. The effect of this is to 
cause a rotating magnetic field which causes the rotor 1 to 
5 turn which then changes the electrical connections and so 
causes the field to rotate and so on. 

Figure 2 illustrates a second embodiment of the motor 
according to the invention. In this embodiment the cam 12 

10 is replaced by a crank or eccentric 19 with linkages 20, 
21, 22 moving the movable contacts 20 of changeover 
switches 7, 8, 9. The changeover switches 7, 8, 9 are 
located 120 mechanical degrees apart about the crank 19. 
The switching sequence is the same as for the embodiment in 

is figure 1 with each changeover switch 7, 8, 9 conducting the 
positive ( + ) supply for 1/3** of the cycle, followed by a 
non-conducting period of l/6 th of the cycle, followed by 
conducting the negative (-) supply for l/3 rd of the cycle, 
and a non-conducting period of remaining l/6 th of the cycle. 



In the two-pole motor embodiments described above one 
electrical cycle occurs with each mechanical revolution of 



understand that an electrical cycle must occur twice with 
25 each mechanical rotation of a four-pole machine, three 



20 



the shaft 3 and rotor 1. 



The skilled addressee will 
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times for each rotation for a six- pole machine and so on. 
This can be achieved using a gearing arrangement as shown 
in Figures 3 and 4. 

Figure 3 illustrates a four-pole motor with a geared 
eccentric or crank operated switches. The rotor 23 of the 
four-pole motor has a plurality of permanent magnets for 
providing four -poles. The field winding 3 0 has six coils 
connected in known manner. A main gear 24 is positioned on 
the end of shaft 3 and drives three pinion gears 25, 26, 27 
mounted at 120 degree intervals about its periphery. Each 
pinion gear 25, 26, 2 7 has a crank or eccentric 19 with a 
linkage 20, 21, 22 moving the movable contacts 20 1 of 
changeover switches 7 r 8, 9. The ratio of the main gear 24 
and pinion gears 25, 26, 27 is 2:1 so that the changeover 
switches 7, ,8, 9 complete two electrical cycles for each 
complete mechanical rotation of the shaft 3 and rotor 23. 

Figure 4 illustrates an alternative embodiment of the four- 
pole motor with a geared eccentric or crank operated 
switches. A single pinion gear 28 is driven from the main 
gear 24. The single pinion 28 has a crank or eccentric 19 
with all linkages 20, 21, 22 connected to it. The 
changeover switches 7, 8, 9 are positioned at 120 degree 
intervals about the pinion 28. The gear ratio of the main 
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gear 24 and pinion 28 is 2:1 so that the change over 
switches 7, 8, 9 complete two electrical cycles for each 
complete mechanical rotation of the shaft 3 and rotor 23. 

It will be understood by the skilled addressee that as the 
number of stator coils and rotor poles of the machine 
increase the gear ratio increases to give an appropriate 
number of electrical cycles per mechanical revolution of 
the shaft and rotor. Furthermore, in the above examples 
the field windings are connected in the 'Delta' 
configuration, but this does not preclude the 4 Star' 
connection. 

It should also be noted that although the embodiment 
described is a permanent magnet DC motor, the invention 
could equally well be applied to a DC switched reluctance 
machine, in which case the cam/eccentric switches the 
current on as a rotor pole approaches a stator pole and 
coil, and switches the current off as a rotor pole becomes 
fully engaged with a stator pole and coil . 

A rotating electrical machine according to the invention 
has the advantage of extremely low manufacturing and 
maintenance costs as the machine requires neither drive 
electronics nor a brush and commutator set. 
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In the described embodiments a cam and follower mechanism 
and an eccentric/crank and connecting rod mechanism are 
used to relate the opening and changeover actions of three 
5 single pole changeover switches to shaft angular position. 
The inventors consider these to be the simplest variety of 
mechanism for the desired function. However, it is well 
within the capability of the skilled addressee to devises a 
range of mechanisms to fulfil the desired function, and 
10 such are considered within the scope of the invention. 

Where in the foregoing description reference has been made 
to integers or elements have known equivalents then such 
are included as if individually set forth herein. 



15 



Embodiments of the invention have been described, however 
it is understood that variations, improvements or 
modifications can take place without departure from the 
spirit of the invention or scope of the appended claims. 
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CLAIMS: 

1. A rotating electrical machine comprising: 
a housing; 

a shaft mounted rotatably within the housing; 
a rotor fixed to the shaft and providing a magnetic 
field; 

a stator positioned about the rotor within the housing 
and having a winding; 

a switch mounted with the housing and having a first 
position for allowing current in one direction through the 
winding and a second position for allowing current in an 
opposite direction through the winding; 

a mechanical activator movable with or by the shaft 
and acting on the switch so as to move it between the first 
and second positions when the winding is so aligned that 
current -inducing effects of the magnetic field on the 
winding are at or near a minimum. 

2. A rotating electrical machine comprising: 
a housing; 

a shaft mounted rotatably within the housing; 
a rotor fixed to the shaft and having a plurality of 
poles made of ferromagnetic material; 



# 
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a stator positioned about the rotor within the housing 
and having a winding ; 

a switch mounted within the housing and having a first 
position for allowing current in one direction through the 
5 winding and a second position for allowing current in an 
opposite direction through the winding; 

a mechanical activator movable with or by the shaft 
and acting on the switch so as to move it between the first 
and second positions. 

10 

3. The electrical machine of claims 1 or 2 wherein the 
switch has a third position for not allowing current 
through the winding, and the mechanical activator moves the 
switch to the third position between the first and second 

is positions . 

4. The electrical machine of any one of claims 1 to 3 
wherein the mechanical activator comprises a cam mounted 
about the shaft and a cam follower communicating with the 

20 cam and with the switch. 

5. The electrical machine of claim 4 wherein the cam has 
four portions for moving the switch to the first position 
for l/6 th of a cycle and then to the third position for 

25 l/3 rd of the. cycle , and then to the second position for 
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1/6^ of the cycle, and then to the third position for l/3 rd 
of the cycle. 

6. The electrical machine of any one of claims 1 to 3 
wherein the mechanical activator comprises a crank and a 
linkage for moving the switch to the first position for 
l/6 th of a cycle and then to the third position for l/3 rd of 
the cycle, and then to the second position for l/6 tix of the 
cycle, and then to the third position for l/3 rd of the 
cycle. 

7. The electrical machine of any preceding claim 
including three switches positioned 12 0 angular degrees 
apart, and wherein the mechanical activator acts on all the 
switches to move them in a sequence. 

8 . The electrical machine of any preceding claim wherein 
the electrical machine is a permanent magnet brushless DC 
electric motor. 

9. The electrical machine of any preceding claim wherein 
the electrical machine is a DC Switched reluctance motor 



10. A rotating electrical machine as herein described with 
reference to the accompanying drawings. 



